We conjecture that Z − c (4100) found by LHCb group from a Dalitz plot analysis of B 0 → η c K + π − decay is the charge conjugate of Z + 1 (4050) observed in χ c1 π + distribution from Belle collaboration. Some interesting conclusions are inferred from this assumption. The Z 2 (4250) would be assigned to be a J P = 1 + or 1 − state because of its absence in η c π − invariant mass distribution, while
The study of new hadronic states has been stimulated by the experimental observation of plenty of exotic structures in the past decade. The unexpected charged states in the heavy quarkonium sector are especially interesting because it is difficult to incorporate them within the conventional quark-antiquark picture. Several review papers have recently summarized the theoretical and experimental efforts on deciphering their inner components and exploration of relevant underlying dynamics [1] [2] [3] [4] [5] . These studies open up a new era of multiquark hadron spectroscopy. The determination of the spin parity of these charmonium-like and bottomonium-like states is in the first place because it is key for our understanding of their nature.
Ten years ago Belle collaboration observed two charged resonance-like structures with the significance of more than 5σ in the χ c1 π + mass distribution inB
Their Breit-Wigner (BW) masses and widths are, respectively [6] Z 
Later BABAR collaboration concluded an absence of signal by analyzing the lower statistical data ofB 0 → K − χ c1 π + and B + → K 0 S χ c1 π + decays with a detailed study of the acceptance and possible kinematical reflections [7] . In the year of 2003, an unpublished thesis from
LHCb also claimed non-existence of resonances in B 0 → K + χ c1 π − with more than twice the Belle and BABAR cumulative events using the same analysis strategy with that of BABAR [8] . While other two experiments made contrary conclusions with Belle, the data themselves in fact agree with each other within uncertainties. The null result in the BABAR and LHCb data would be associated with different treatment of the background. [11] . On the other hand, the assignment of 1 − tetraquark state is supported by a relativistic diquarkantidiquark picture [12] , QCD sum rule [13] , and a color flux-tube model with multibody confinement potential [14, 15] . The mass calculated in a QCD sum rule disfavors assigning the Z + 2 (4250) as the compact 0 + tetraquark in diquark-antidiquark type [16] . [12] and a QCD sum rule [16] . But it would be a compact 1 + tetraquark state in the color flux-tube model with a multibody confinement potential [15] .
Very recently LHCb collaboration found a resonant state with more than three standard deviations in the η c π − invariant mass spectrum of the Table I , we list the possible spin-parity J P with low relative orbital quantum number L. We do not consider higher partial waves due to their strong suppression. The C-parity + is also listed herein if their neural partners exist and I G is determined to be 1 − .
Under this assumption, the Z + 2 (4250) is probably a J P = 1 + state, considering that it is present in the χ c1 π system but completely missed in η c π spectrum. In this case, it is a similar state to a 1 in light quark sector. The a 1 (1640) is really seen to decay to f 1 (1285)π [27] , which has the same quantum number with χ c1 π system. This decay channel of other a 1 states, i.e. a 1 (1260) and a 1 (1420), are strongly limited for the sake of phase space. However, the 1 assignment favored by various tetraquark models [12] [13] [14] [15] is not completely excluded because it would be suppressed in η c π channel for the P -wave coupling while it couples to χ c1 π in relative S-wave. The unfavorable fact of this assignment is that it decays to η c π with larger phase space than χ c1 π, making up the deficiency of higher L. This would enhance the η c π partial decay width, unless its coupling strength to η c π is small by nature, which needs, however, an ad hoc reason.
An important conclusion can also be driven about the spin-parity of Z We can further try to allocate its J P by the measured branching fractions. The following values are extracted by experiments [6, 7, 26] ,
at 90% C.L. If charge conjugate relation is considered, we can calculate the ratio to be,
+0.50 −0.89 < 1.05
where the upper limit is deduced from Eq. (5) and Eq. (6). This is roughly consistent with the estimation from the heavy quark spin symmetry (HQSS) [28] ,
where p ηc and p χ c1 denote the three-vector momenta of the final mesons in each channel in the decay rest frame. It seems that B(Z c (4100) → η c π) and B(Z 1 (4050) → χ c1 π) are of the similar magnitude. The 1 − assignment is a bit favored because it decays to η c π channel with larger phase space volume, compensating its coupling to η c π in relative higher P -wave.
This naive argument is clearly verified by Eq. (8), where the value for 1 − is more compatible with that in Eq. (7). In this sense, the Z [19, 20] .
We can estimate the ratio of couplings to χ c1 π and η c π by Eq. (7), which avoid the effect of phase space difference compared to the widths. The Lagrangians in the hadronic level within the covariant L − S scheme read as [29, 30] ,
with the dimensionless coupling constants g χ c1 π and g ηcπ . Then the decay widths can be calculated as,
where E π , E ηc , and E χ c1 denote the energies of the final mesons in each channel in the decay rest frame. Then the following ratio can be computed by Eq. (7) for future exploration, 
where the uncertainty of Z photon-photon fusions, it is a 0 + state and their production ratio of γγ → η c π to γγ → χ c1 π is expected to be the value in Eq. (7). Its nature would be also pined down by its twophoton decay width. In the beginning of 1980s, it was predicted that, if the a 0 (980) and f 0 (980) mesons are taken as four-quark states, their production rates should be suppressed in photon-photon collisions by a factor ten in comparison with them as conventional twoquark P -wave states [31] . The measured values do favor their four-quark structure [32] . The two-photon decay widths of ordinary 0 + states with both light and heavyare in the range of several keV [27] , and that for the Z In summary, we speculate that Z − c (4100) found by LHCb group is the charge conjugate state of Z + 1 (4050) from Belle collaboration. This possibility is also mentioned by a newly released paper when it discusses the correlations of Z − c (4100) with some existing exotic candidates [28] . They are locating far higher than the DD open charm threshold, and it is very difficult to incorporate them in the molecular or meson-meson scenario. Their nature is still under wide discussion, including the hadro-charmonium [35] , tetraquark state [36, 37] and final state interaction effects [28] 
